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Background and Objectives: In recent years, the rise in pollutant entry into
surface waters and rivers has made studying the mixing process of pollutants
increasingly important. Mixing in streams is influenced turbulence,
nonuniform velocity, and molecular motion. Secondary current plays a
significant role in determining mixing coefficients; enhancing these flows
can improve the overall mixing process. One critical mixing coefficient is the
longitudinal dispersion coefficient, which can be estimated through both
theoretical and experimental methods. Increasing turbulence in rivers is one
way to enhance their self-purification capacity. Installing structures like river
wall protection systems, including various types of weirs, Bendway weirs,
and submerged plates, can enhance turbulence and secondary flow patterns.
This, in turn, helps improve the mixing of pollutants in the water. This
present study aim is to investigate the effect of the bendway weirs on the
mixing process and the longitudinal dispersion coefficient in the laboratory
meandering channel. To achieve this, tracking experiments were conducted
in a laboratory meander channel with a sedimentary bed, comparing
conditions both with and without bendway weirs.

Materials and Methods: The experiments in this study were conducted
in the Hydraulics and Physical Models Laboratory within the Water
Engineering Department at the University of Guilan. The experiments took
place in a rectangular flume with a length of 16 meters and a width of 1.5
meters. A salt and water solution was used as a tracer in each experiment, the
flow concentration was measured with two Ec meters at two points: at the
beginning and at the end of the tested intervals. Additionally, the changes in
the salinity concentration curve were assessed at two points: at the start of the
meandering path and at the end of each curve. By using the temporal
concentration profiles, How the tracer is distributed, transferred, and changed
in different intervals and flow rates is examined and then the longitudinal
dispersion coefficient was estimated with the routing method, and the effect
between hydraulic parameters and bendway weirs were compared.
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Results: The results indicate that any increase in discharge per unit width
from the minimum value (0.014 m*m.s) to the maximum value (0.022
m3/m.s), Cr, Ty, and Ty, decreased up to 97% and U and D, increased by
98% in most experiments. The experiments indicated that most of the
considered parameters increase with distance and number of bends and an
increase in the lengths of sections leads to the improvement of the
indicators related to the reduction of salinity concentration as a symbol of
pollution. A comparison of the results showed that by installing the
bendway weirs on both sides of the channel with a ratio of 2.5 times the
distance to the length of the spillways, the Cr and D, parameters increased
by 94% and decreased by 95%, respectively. Cr and D, were achieved by
installing the weirs in the inner arch with a ratio of 2.5 times the distance to
the length of the spillways with an increase of 94% and a decrease of 97%,
respectively. Additionally, the structure was installed on both sides of the
channel at a ratio of 5 times the distance to the length of the weirs,
mentioned parameters were decreased. Furthermore, the distance of the
bendway weirs was reduced to 1.7 times the distance to the length of the
weirs, resulting in another increase of 94%. Comparison of the time
measurement parameters of the distribution and transfer of the tracer,
including T, and Tq, obtained from experiments without structures and
with the installation of bendway weirs with different arrangements showed
that the aforementioned parameters increased with the installation of
structures. So the T, parameter increased by 66% after the installation of
bendway weirs on both sides of the meandering path with a ratio of 2.5
times the distance to the weir length, increased by 61% with the installation
of bendway weirs only on the inner curve with a ratio of 2.5 times the
distance to the weir length, increased by 49% with the installation of
bendway weirs on both sides of the path with a ratio of 5 times the distance
to the weir length, and increased by 48% with the installation of weirs on
both sides of the meandering path with a ratio of 1.7 times the distance to
the weir length compared to the case without weirs. The Ty, parameter has
increased by as much as 84% in most cases after the installation of
bendway weirs in various configurations. The analysis of the results shows
that installing these bendway weirs, along with the increase in obstacles,
has resulted in a decrease in tracer transfer speed (denoted as parameter U).

Conclusion: The analysis of the results showed that with the increase in
the average velocity and turbulence of the flow in the experiments
conducted on the sedimentary bed, the Cr was decreased and the D_
(Longitudinal dispersion coefficient) was increased. Also, the increase in
the distance of sections and the number of arches of the meandering flume
has led to an increase in Cr and D, parameters. The results indicate that the
installation of bendway weirs in various arrangements generally led to an
increase in the Cr parameter and a decrease in the D, parameter. Notably,
placing weirs on both sides of the channel, at a distance that is 1.7 times the
length of the weirs, demonstrated the best performance. This configuration
resulted in simultaneous improvements in both the Cr and D parameters.
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Figure 1. A) Scheme of experimental flume and B) meandering channel with sedimentary bed.
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Table 1. The length of measurement sections and the first point of EC measurement
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A-B 3.17 31.7
A-C 5.42 54.2
A-D 6.22 62.2
A-E 8.82 88.2
A-F 9.38 93.8
A-G 11.32 113.2
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Figure 2. Installation of the Bendway weirs in laboratory meandering with sedimentary bed a) test set Ws;.4,

B) test set Ws3.3.
s orl 28 S plamil slite gla B slins CAIE 5 s e CeE S e
B S GNSLEE e sk Ol o 1l ilesl o 53 ey slags)l poal
0> ol glaadlge il lanll b albsy, A3 sse Ges (Bl azm s o BS L e 5 oS
wals Y sl > s pbnil hlesl 4 g oo Ok 5 L S s gl bl s S Lasie
el oyl b3l 550 (Sssden sla bl bad b Lok Vgl altog, o b Glaj o

ol agn 53 bl 5)se (Sdgsds e el )l als Y Jgun
Table 2. Range of Hydraulic parameters of experiment in the current paper.

3l ade 35,5 3de oo Al oo oy o g Ok = gl Rih Wih
Re Fr g (m®m.s) V (m/s) h (m)
76000 0.157 0.022 0.22
46000 0.128 0.018 0.18 0.1 7.5 5
33000 0.099 0.014 0.14
ol il gla JialesT as pemme 3 chale Sl oy g gbs
odalin J‘:’ o..L.fJJLi 6L§J.§.L BL) PLY JJLQLQ.A UXJ‘ ‘J:‘iL‘)T 4L gazme oA LS‘J" ﬂl} J:*-“)}.’. BE)
e 53 W B oldaS 03l Jsb Rl Bl s 5 5 a3k 5o Slay Sk 5 Il s K5Ss
ol (g, Seslll clale Gl Oy ol oS - Ol —clhale Slag o SaSay ccdkss sla o
u.:.a-v.m 9 4.2'.9\;” U’:"i‘fe‘ Lho)'l_j kﬁ"-)J} ERCLESEISL LCI’ Aole el u_a;“]z.? v\;uL;: 6LAJIA‘)L3 9 ol CMS
Sages sy slaslsl abi Sl abol I8l L el e 5 KBS 13 e 250 Tar s Tr
St g s s s chle b ol s L awlis bl s s edd syl Swst,
el ol Oled Gl ged siasOlis VLY sla IS5

YA



Oy 5o g3 polws (0950 dilows [ e (S35 3w ;U KMo}l axlllan

- 200

280 P ——=C-in — A o | C-in AC
o210 | -~ -- C-out A D [ -4-- C-out -_
:%140 I :)3; 100 [ -

)
Q 3 Q Wi
70 50 ] Ve o
0 0 | - L ~Soo o
0 30 60 90 120 150
t (sec)
200

280 C-in A-E
o> 210 %> 0 [ - -- C-out ANV Ne
NS 140 } S 100
Q N Q 50 | 1"\

70 i X Vae N ! Veoo -
O Vi ’ 1 — 22 LN - 1 0 L —_— b L
0 35 70 105 140 175 0 35 70 105 140 175
t (sec) t (sec)

20 C-in A-F 280 . C-in A-G
S 150 [---=C-out [ . 7 2210 |----C-out |- : :
2 100 S 40 [

Q F Q [
70 A=
! \“ S -
- 0 L Pl gy L
0 40 80 120 160 200 0 40 80 120 160 200
t (sec) t (sec)

W0 ‘5u_,:iuj 4e gazma 33 /A m®/m.s o2 g o5 sl e slaesl Hs clle Sy O puis gla sl ged Y ISSS
Figure 3. Temporal concentration profiles of Ec for different location for q=0.018 m*/m.s and the test set Wgg..
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Figure 4. Temporal concentration profiles of Ec for different location for g=0.018 m®m.s and the test set Wg;.;.
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Table 3. The values of parameters obtained in different sections for different flow rates in the set of tests
Wso.0 10 Wes-3.

gl L eb Juzl e e S a

558 plais el bl 4 semme Cr Tor Tar s, Db Sasl,
Section name g (m%/m.s) Test set name U (m/s) D, (m?%s)

Wso.0 0.456 0.166 0.090 0.1317 0.0396

W11 0.418 0.310 0.316 0.0718 0.0136

0.014 Ws1.0 0.459 0.428 0.574 0.0658 0.0326

Ws,.0 0.273 0.240 0.045 0.1129 0.0192

W33 0.250 0.285 0.215 0.0988 0.0459

Wso.0 0.386 0.217 0.141 0.1580 0.0895

Ws1.1 0.399 0.640 0.191 0.0527 0.0072

A-B 0.018 Ws1.0 0.417 0.296 0.449 0.0658 0.0063

W0 0.296 0.285 0.114 0.1129 0.0083

Wes s 0324 0222 0171 0.0878 0.0219

Wso.0 0.452 0.120 0.191 0.2633 0.6691

Wi 0.451 0.785 0.315 0.0564 0.0090

0.022 Ws1.0 0.305 0.304 0.307 0.0988 0.0136

Wso-, 0.274 0.538 0.123 0.0658 0.0098

W33 0.253 0.227 0.045 0.1580 0.1324

Wso.0 0.033 0.619 0.273 0.1126 0.0075

Wsi.1 0.573 0.692 0.429 0.1126 0.0463

0.014 Ws1.0 0.554 0.705 0.537 0.1216 0.0423

W0 0.400 0.454 0.184 0.2027 0.1146

Ws3.3 0.569 0.564 0.380 0.1322 0.0383

Wso.0 0.248 0.354 0.141 0.2764 0.0889

Wa1.1 0.634 0.567 0.391 0.1382 0.0513

A-C 0.018 Ws1.0 0.526 0.741 0.680 0.1600 0.0819

Ws,.o 0.328 0.354 0.380 0.1900 0.0856

Woaz.3 0.616 0.666 0.372 0.1520 0.1013

Wy 0.497 0.307 0.175 0.3378 0.5561

Wsi.1 0.684 0.636 0.428 0.1322 0.0778

0.022 Ws1.0 0.409 0.451 0.488 0.2027 0.0765

Ws,.0 0.290 0.607 0.388 0.2027 0.0461

Wss.3 0.429 0.588 0.230 0.1382 0.0388
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Continue Table 3.

oL =3 R Jisl e i

558 plais el bl 4 semme Cr Tor Tar s, Sk Sasl,
Section name g (m*/m.s) Test set name U (m/s) D, (m?%s)

Wso.0 0.648 0.576 0.216 0.1324 0.0332

W11 0.544 0.522 0.465 0.1536 0.1307

0.014 Ws1.0 0.455 0.543 0.620 0.1477 0.0657

We;.2 0.239 0.714 0.436 0.1200 0.0160

Wss.3 0.695 0.587 0.530 0.1067 0.0337

Wso.0 0.584 0.388 0.313 0.2400 0.7707

We11 0.679 0.613 0.452 0.1371 0.0589

A-D 0.018 Ws1.0 0.593 0.638 0.582 0.1600 0.1114

Wso.0 0.344 0.761 0.438 0.1371 0.0298

Wss.3 0.704 0.603 0.474 0.1371 0.1103

Wso.0 0.653 0.413 0.178 0.2259 0.4157

Ws1.1 0.687 0.604 0.495 0.1536 0.1499

0.022 Ws1.0 0.522 0.555 0.548 0.1829 0.0422

Wso.o 0.463 0.540 0.416 0.1829 0.1805

Ws3.3 0.352 0.547 0.472 0.1600 0.0463

Wso.0 0.562 0.679 0.185 0.1789 0.0822

We11 0.684 0.758 0.572 0.1464 0.1191

0.014 Ws1.0 0.635 0.684 0.708 0.1610 0.0992

Ws,.0 0.616 0.709 0.493 0.1533 0.0534

Wss.3 0.592 0.818 0.576 0.1533 0.1038

Wso.0 0.478 0.595 0.262 0.2300 0.0799

Ws1.1 0.560 0.764 0.673 0.1651 0.0586

A-E 0.018 Ws1.0 0.575 0.653 0.609 0.1894 0.0792

Ws,.o 0.635 0.612 0.476 0.1610 0.0594

Ws3.3 0.700 0.661 0.503 0.1498 0.0889

Wso.0 0.547 0.619 0.285 0.2385 0.1311

W11 0.744 0.773 0.504 0.1610 0.0840

0.022 Ws1.0 0.613 0.595 0.663 0.2147 0.1837

Wso., 0.501 0.600 0.564 0.1894 0.0949

Ws3.3 0.609 0.565 0.483 0.2147 0.3109

Wso.0 0.689 0.705 0.304 0.1458 0.0922

Wey4 0718 0718  0.640 0.1273 0.1211

0.014 Ws1.0 0.789 0.760 0.776 0.1094 0.0670

W0 0.481 0.814 0.485 0.1273 0.0327

Wss3 0.575 0.723 0.722 0.1273 0.0854

Wso.0 0.396 0.725 0.233 0.1522 0.0261

Wa1.1 0.650 0.689 0.627 0.1628 0.0947

A-F 0.018 We1 0750 0725 0721 0.1458 0.1770

Wso-, 0.587 0.450 0.588 0.1707 0.0817

Woaz.3 0.769 0.816 0.575 0.1228 0.1385

Wso.0 0.713 0.660 0.301 0.2709 0.3083

Wsi.1 0.716 0.854 0.587 0.1788 0.1997

0.022 Ws1.0 0.746 0.727 0.753 0.1863 0.2238

Wso.0 0.469 0.636 0.597 0.2292 0.0955

Wss.3 0.739 0.717 0.606 0.2416 0.4696
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ol =3 ot JGsl e e i
J&)_cclafu oo s Al Jﬁujw}w Cr Tpr Tar s, L;jb L}_f.)\;SlJ_é
Section name g (m*m.s) Test set name U (m/s) D, (m?%s)
Wso.0 0.732 0.837 0.316 0.1225 0.0273
W11 0.794 0.759 0.665 0.1466 0.1749
0.014 Ws1.0 0.729 0.831 0.765 0.1375 0.0836
We;.2 0.683 0.753 0.497 0.1568 0.1156
W33 0.664 0.781 0.679 0.1104 0.0375
Wso.0 0.650 0.797 0.420 0.1596 0.0584
We11 0.698 0.736 0.658 0.1568 0.1280
A-G 0.018 Ws1.0 0.714 0.803 0.725 0.1987 0.1808
Wso.0 0.635 0.806 0.657 0.1788 0.1012
Wss.3 0.720 0.772 0.716 0.1397 0.1198
Wso.0 0.365 0.609 0.464 0.2079 0.0590
W14 0.698 0.797 0.675 0.1515 0.1407
0.022 Ws1.0 0.638 0.850 0.736 0.1788 0.0755
Wso.o 0.730 0.734 0.609 0.1863 0.1223
Ws3.3 0.672 0.822 0.652 0.1625 0.1357
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